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Abstract
Purpose: To evaluate wound healing in diabetic rats by using topic 
Andiroba oil (Carapa guianensis). 
Methods: Six male, adult, Wistar rats were distributed into three 
groups: Sham group (wound treatment with distilled water); Colla-
genase group (treatment with collagenase ointment); and Andiroba 
group (wound treatment with Andiroba oil). The wound was evalua-
ted considering the macroscopic and microscopic parameters. 
Results: The results indicated differences in the healing of incisio-
nal wounds between treatments when compared to control group. 
Accelerated wound healing was observed in the group treated with 
Andiroba oil and Collagenase in comparison to control group, espe-
cially after the 14th day. Morphometric data confirmed the structural 
findings. 
Conclusion: There was significant effect in topical application of 
Andiroba oil on wound healing in rats with induced diabetes.
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Introduction
Diabetes mellitus (DM) is the chronic metabolic di-
sease that determines hyperglycemia state that cau-
ses damage to blood vessels, heart, eyes, kidneys 
and nerves. Between feared complications is dia-
betic foot that includes vascular and osteoarticular 
alterations that promotes to formation of ulcers, 
especially in the lower limbs [1].
The hyperglycemic state of DM also determines a 
state of poor healing where these ulcers can evolve 
with necrosis and amputation of the lower limb. 
To avoid such an outcome, alternatives are sought 
to improve this healing and medicinal plants with 
their various properties being discovered may be 
effective with the advantage of lower cost com-
pared to the standard treatment of diabetic foot 
ulcers [2, 3].
Already described with this great potential, An-
diroba oil (Carapa guianensis), is used in popular 
culture with healing purpose. Research has shown 
that the use of oil effectively participates in wound 
healing promoting the formation of granulation tis-
sue, tissue contraction and epithelialization [4, 5].
Methods
Six (15-20 weeks) male Wistar rats (Rattus norvegi-
cus) weighting 250-350g were used in this study. 
The animals were kept in a vivarium of Federal Uni-
versity of Pará (UFPA) with a controlled temperatu-
re, light, humidity, and noise; water and food was 
provided ad libitum. The project was previously ap-
proved by the Animal Use and Care Committee of 
Federal University of Pará (Protocol nº 1215270916) 
and followed the rules of Brazilian National Law for 
Animal Care (Law: 11.794/08).
Experimental protocol
Three groups of study comprised this study:
-  Control Group (CG): distilled water were applied 
everyday and once in a day until euthanasia, a 
volume of 0.3 ml. (N=2)
-  Collagenase Group (CLG): collagenase ointment 
(0.6 U/g) were applied everyday and once in a 
day, a volume of 0.3 ml until euthanasia. (N=2)
-  Andiroba Group (RG): Andiroba oil were applied 
everyday and once in a day until euthanasia, a 
volume of 0.3 ml. (N=2)
Animals were then randomly assigned into three 
subgroups: seven, 14 and 21 days, according to 
euthanasia with anesthetic overdose.
Induction of diabetes in experimental 
animals
Rats were injected intraperitoneally with a freshly 
prepared solution of alloxan monohydrate dissol-
ved in a normal saline solution of NaCl 0.9% pH 
4 at a dose of 150 mg/kg [6]. This injection can 
provoke fatal hypoglycemia as a result of reactive 
massive release of pancreatic insulin, rats were also 
given orally 5-10 ml of a 20% glucose solution af-
ter 6 h. Rats were then kept for the next 24 h on 
a 5% glucose solution as beverage to prevent too 
severe hypoglycemia [7]. After 2 weeks, rats displa-
ying glycosuria and hyperglycemia (blood glucose 
levels 2g/l) were retained for the experiments.
Surgical procedures
Dorsal region was shaved and then antisepsis of 
region was done. Next, three interscapular wounds 
of 5 mm of diameter was made in skin by caudo-
cranial direction with a metallic punch, the distance 
between them were 5 mm (Figure 1). During posto-
perative days, animals remained in individual cages 
and isolated from their bedding through a metallic 
net to avoid wound infection. The rats were eutha-
nized by anesthetic overdose.
Macroscopic analysis
To determine the largest diameter of the wound 
and its macroscopic used a magnifying glass with 
2.5x. The wound was measured with a pachymeter 
graduated in millimeters and area was calculated 
with ImageJ® software. 
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Figure 1:  Representation of wounds according to 
groups.
Source: Research protocol.
Figure 2: Morphometric analysis of wound area.
Histological analysis
After euthanasia, wounds were harvested, fixed in 
10% formaldehyde, embedded in paraffin, stained 
using Hematoxyline-Eosine and Masson's trichrome. 
In stained tissues, multiple sections were analyzed 
with regard to the presence of re-epithelialization, 
intensity of local inflammatory reaction, type of in-
flammatory response as the predominant cell, the 
presence of granulation tissue, neovascularization 
and fibrosis [8].
Statistics 
Analysis of variance (ANOVA), followed by Tukey 
posthoc test correction, was performed for the ma-
croscopic analysis and proportion of collagen fibers. 
Kruskal-Wallis test was used for the histological 
parameters. Statistical significance was assumed at 
p<0.05.
Results
No significant differences in age and body weight of 
the animals were found between the study before 
and after the intervention.
Macroscopic results
Comparing the groups according to the time of 
measurement, a statistical difference was observed 
between Collagenase and Andiroba with Control 
group in 7th, 14th and 21st day. It was also found a 
difference between Andiroba oil with Collagenase 
group in 7th and 14th day (Table 1 and Figure 2). 
Table 1.  Mean ± SD of wound area within days 
according to groups.
Mean of wound area (mm2)
p-value
Control Collagenase Andiroba
7th Day 0.49 ± 0.01 0.47 ± 0.01a 0.40 ± 0.01a,b 0.006
14th Day 0.33 ± 0.02 0.27 ± 0.01a 0.30 ± 0.02a,b 0.005
21st day 0.13 ± 0.01 0.0 ± 0.0a 0.0 ± 0.0a 0.003
a: p<0.01 versus Control group. ANOVA (Tukey) test; b: p<0.01 
versus Collagenase group. ANOVA (Tukey) test
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Microscopic results
There was no statistical difference between the 
groups at different times regarding the degree of 
re-epithelialization and the presence of granulation 
tissue. However, predominance of chronic response 
type was noted in the groups at all wound evalua-
tion times and was observed statistical difference 
regarding the intensity of the local inflammatory 
response with predominance of monomorphonu-
clear infiltrate at different times of collagenase and 
Andiroba oil when compared to the control group 
(p=0.0389 and p=0.0475, respectively).
Discussion
Several substances have been tested in wound hea-
ling process. However, the results are not always 
satisfactory when compared to the control group or 
even active compounds may slow the overall wound 
healing. Therefore, the study of wound healing be-
comes of great value for scientific knowledge.
Throughout the experimental part of this arti-
cle, all animals evolved well postoperatively, be it 
7, 14 or 21 days without causing infection, death 
or replacement of animals to the study, proving 
that this model of incisional wound induction was 
efficient.
Proteolytic enzymes have been used in wound 
healing for many years and the most commonly 
used enzymes are fibrinolysin/DNAse and collage-
nase [9-11], where collagenases act by degrading 
native helical collagen fibrils [12]. Recently, Tallis et 
al. (2013) showed that the collagenase ointment is 
tolerable and clinically effective in providing non-
viable tissue removal and allow effective scar [13].
There was a significant difference in collagenase 
with control group on days 7, 14 and 21, which 
demonstrates its mechanism of action, especially in 
the acute phase of incisional wound healing. 
However, Andiroba oil showed surprising results 
compared to the control group, obtaining a lower 
average of the wound area when compared to 
control group. Mainly in the macroscopy where a 
degree of almost total contraction of the incisional 
wound was observed on 21 day.
Researchers have showed the anti-inflammatory 
properties of tetraterpenoids and limnoids isola-
ted respectively from C. guianensis [14]. However, 
phytochemical analysis of Andiroba by qualitative 
analysis showed the presence of alkaloids, sapo-
nins, tannins and essential oils and absence of other 
constituents like triterpenoids and flavonoids. Possi-
bly, constituents like tannins, saponins and alkaloids 
may play a role in the process of wound healing, 
however, further phytochemical studies are needed 
to isolate the active compound(s) responsible for 
these pharmacological activities.
Anti-inflammatory effects of C. guianensis are 
attributed to its possible antihistaminergic activity, 
the antioxidant activity of C. guianensis cannot be 
discounted. Like honey which is known to have an-
ti-inflammatory, wound-healing promoting action 
[15] and antibacterial activity [16], C. guianensis 
may also have anti-inflammatory, immunostimu-
lant and pro-healing properties. As C. guianensis 
did not inhibit the growth of microorganisms as-
sociated with wound infections, its wound-healing 
promoting activity is independent of its antimicro-
bial activity
Essential fatty acids are required for many phy-
siological processes as present in Andiroba oil, such 
as maintaining the integrity of the skin and the 
structure of cell membranes and the synthesis of 
biologically active compounds. Among the health 
benefits attributed to fatty acids are: anticarcino-
genesis, antiatherosclerosis, inhibition of free radi-
cals, alteration in the composition and metabolism 
of adipose tissue, immunomodulation, antibacterial 
and antidiabetic activity [17].
The essential fatty acids also have a structural 
function, forming part of the phospholipids of the 
cellular membranes of the tissues of the organism, 
being the precursors of prostaglandins and leuko-
trienes from the synthesis of arachidonic acid [17, 
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18]. Already phospholipids involved in various me-
tabolic processes, such as the active phosphoryla-
tion process in mitosis and cell organization and 
ion exchange, which gives the Andiroba oil a high 
potential in the treatment of wound healing [19].
We must consider that human skin differs from 
rat and the important difference is that human skin 
cures preferentially by re-epithelialization, whereas 
the skin of the rat heal mainly by contraction of the 
wound [20]. We also recognize the limitations for 
translational relevance of our experimental study. 
However, skin lesions in animal models are relevant 
because they provide significant contributions to 
advances in the treatment of incisional wounds. 
The experimental model demonstrated greater 
efficacy of topical application of Andiroba oil in tis-
sue formation, epithelialization, angiogenesis and 
collagen deposition in skin lesion compared to the 
Control group.
Conclusion
Andiroba oil is able to reduce intensity of inflamma-
tory response of the wound, maintaining the same 
type of inflammatory response when compared to 
the collagenase group, proven by macroscopic re-
sults, in which there was a greater retraction of 
wound in animals treated with Andiroba oil and 
no evidence of incisional wound healing impaired.
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